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THE INTERFEREITC.EEF~ECTS”ONAN AIRFOIL OF ‘ “:.“,.,.r
A FLAT PLATE AT tiI.D-SPAN,FOSITION “

By KeopnethE. ‘Ward

Summary
‘.” ..
... . .

,,
.,.

..,.” ...’.

. . This report gives the results of an investig~tionof
the mutual interferenceof an airfoil and a flat plate in-
sertedat,mid-spanpositioii;-=”’Thete,stswere conducted
in the Variable-DensityWind Tunnel of the NationalAdvi-
sory Committeefor Aeronauticsat a high value of the Reyn-
olds Number. The interferenceeffects.of.thiscombinat-
ion werefound to be small, Supplementarytests indicat-
ed that the use”of fillets decreasesboth the lift and -,
drag.slightly..A bibliographyof publicationsdealing
with ihte,rfereacebetwekm wings and bodies, and with the,
effects of cut-outsand fillets is included.

I .,

Intro”d&ction‘
..

..,,.,..
.,,

The trend towardhigher speeds in aircrafthas made
increasinglyimportantthe subject of mutual interfer-
ence of airplane“parts. A bibliographydealingwith the
interferencebetween wings“andbodies, and with the ef-
fects.of cut-outsa.ndfillets is includedin,this report
for convenienceof reference. Most of the information
includedi.nthe bibliography,however, is unrelatedand
unsystematicand has been obtainedfrom tests Of models
at low Values Of the ReynoldsNumber. Therefore],much
of it 5.sunsuita%lbfor designuse. The Variable-Density
Wind Tunnel ofthe National”AdvisoryConmitteefor Aero-
nautics affords a means of studyinginterferenceeffects
with models at large values of the ReynoldsNumber, the
results of which may be compareddirectly“tothe effects

8 ,whichmay be expected”’inthe full-sizedaircraft. A
preliminaryinvestigationof.the interferenceeffectsof
strutswas recentlymade in this‘tunnel. (Reference1.)
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The first step,in a-progressiy~ %%lidyof interfer-
ence would be an invesiigatioaof–tie interferenceef-
fects as shown upon basic “formsat Ilighvalues o.:the
Reynolds~umber. As.a part of such-.iln:’investigation,
tests were”’condticted‘in‘theVariable-Density-WindTunnel
in June, 1931, upon a sy~?etri:calairfoilILAvinga flat
plate insertedat ‘mid-spanposition.

,’ ,.,$.
The interferenceeffec~s’wire determinedfrom tests

of the airfoil and the interferenceplate, separatelyand
in combination. Tests werealso made with severalsizes
of filletsplaced at the intersectionsbetween the plate
and the airfoil surfacesto determinewhether the use of
filletswas effectivein.reducingadveiseinterference.
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‘Apparatusand ‘Methods —

The Variable-Density*Wind Tunnel in which the pres-
ent investigationwas made is fully described$n reference
2. Sinoe’khisreference”hasbeen published,howavdr,a
number of importantchangeshave been made to.the,tunnel
which have been describedin reference 3,

-—
*<
.-. .=

The airfoilused was a 5.75-by35 inch duralumin
model with a symmetricaleectionhaving a maximum thick-
ness of 21 per cent, the N,A.C,A,0021. (Reference3.)
The metal Ylock from which the nodel was to be construct-
ed was first cu’t,at.thgmid-sectionto form two equal .
leilgths,and an aluminumplate of the sa~methicknessas
the large’interferenceplate was insert-etbetweenthem.
The two halves of the block andthe small dummy plate
were held securelytogetherby means,of a bolt and two
dowel pins, as shown in Yigure 1~ The model was then ,
shapedby means of a specialairfoil-generatingmachine
and finishedto th$ de”sireddimensionsas describedin
reference3. 3y securingthe threepieces toget},erbe-
fore cutting,a sharp, true profile of t,h6airfoil was
maintainedat ‘thopoint of—intersectionwith the inter-
ferenceplate.,

I
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The ihterference,modelwas ccinstructedby replacing
the dummy section iq theairfoil.by the interferenceplate,
This model.was varied ~y the addition””ofTill,e,tsforthe
purpose Of investigatingthe effects.produc”e”d.The fi,l-
lets were made of plaster of Paris and were formed with
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thin~metaltempletshaving 3/8-inch”,3/4-inchand 1~-inch -
radii, respectively. Figme 2 show~ the airfoil-plate
combinationwith fillets ready for testing in the tunnel.

For’the purpose of testing the airfoil alone, the
standard3/16 by 5/8 inch sting was attac~-edto *h’elower
su~face of the model or-the dummy section. This was
modified for a second test by replacingtho standard
sting and dummy sectionwith.a special sting constructed
of a quarter-inchsteel rod attached to a steel’plate
three-sixteenthsinch thick conformingtothe airfo’il
profile: “Thisspecial sting eliminatedthe dissymmetry
of the model causedby the standardform and also offered
lower tare. The sting and the method of attachmerit”of ‘
the componentparts is shown in Figure’l. . .

The interferenceplate was constructedfrom a se-
- lected aluminumplate three-sixteenthsinch thick.“The

general shape wa’sthat of a circulardisk 18 inches in
diame,ter,modified-to&cc”omodatea steel tail piece for
the “a~n~le-of:att.ackmechanism““andtti”osteel side pieces‘“
for the purpose of supportingthe plate horizontally ‘“
between the balance-supportstruts. The edges of the
plate were carefullystreamlinedand particularcare was
taken to make the plate flat and to keep the surfaces
smooth. Holes”to receive the %olt and dowels were accu~
ratel.ydrilled to secizieproper alignmentand were so
placed as to bring the leadingedge of the airfoil 5
inchesfrom the nose of the plate.

The tests were made at an average ReynoldsNumber of
3,600,000which was obtainedby using an”air pressure im
the tunnel of approximately20 atmospheres. This value
of the ReynoldsNumber correspondsapproximatelyto the
value reac2~ed.by a medium-sizedairplanewhen flying
near minimum speed. The”methodof testin~was essentially,

. the same as that describedin reference2;

The airfoil and the’interferenceplate were each
testedunder two differentconditionsof the model to
determinethe accuracyand variation of the test data
with the.conditio”ris.. The airfoil was first tested with .
the standardsting and the ta’reswere computedby apply-..

● ing an area factor.tothetare.sdeterminedfor the 5 by
30 iach models. A second test was made of the airfoil.
with.the“S~ec.ialsting d,e’s’”c’r”ibe’da“boveai”d’~t,he“tares‘w~e,r.e.

● determined”by “measuring,th,&:”fo’r&es~o“n,,’~il’e:,stippo,rtiti~ ~,
. . ,.. ...,.. ,. ..”.’ ~-“ .’ -.- ,, ..
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memberswitha dummy airf.oil’rep.lacingthe regularmodel,
%ut mounted indepe~’ttently‘ofthe balance.

,.
The interferenceplate was tested first in a hor-

izontalposition for the”convenienceof changing’the ai~gle
Of attack. It was rim through angles of atfack of 2°
above and below the horizontalat 0,50 intervalsto obtain
the variation.of drag wit-hsmall angles and also to oB-
tain the+.lowestdrag value. The tares were determinedb~-
observ.ingthe forces on ,t:&esupportingstructurewith the
plate,reuoved. A second test,was made with the plate
supg.ortedin a verticalposition by a streamlin’e-wirecage
designedfor.minimun,interference. The plate was carefully
aligned to the position It occupiedwhen in combination
with the airfoil.,The,taresfor this test weredetermined”
by observingthe forces of ‘the”-~tipportingmembers while
the plate was in place but supper.~edindependentlyof the
balance. ,.

,,
The airfoil and the plate ~ere tssted in four dif-

ferent comhinatioas,first without fillets’andthen wit~
three sizes of fillets. The tare forces were determined
as before;a wooden airfoil in combinationwith the plate
was used for the dummy model.

The testdata have been correctedfor air flow mis-
alignmentand for the change of position of the center
of gravity of the model with change”in the angle of at-
tack.
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Precision ‘ ,-.::Z

Because of.the small values expectedfrom the inter-
ference effects,particularcare was taken to have all
conditionsas nearly alike as practicablefor the dif-
ferent tests. The surfaceconditionof the model was,
carefullyinspectbd,beforeeach test. To determin~the
precision of the test data, the airfoil and the inter-
ferenceplate were each tested with two differentcondi- ‘
tions of the model, as mentionedabove,. ~he air flow
misalignmentwas checkedf-oreach test by takinga num-
ber of poi.nt~-at negativeangles of attack.

The differencein drag ,observedbetweea.thetwo tests
of the plat,e.alone was 5 per cent. The results of the
test with”’theplate’vertical“arebelievedto be the more

.-
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accur:ate o.f.the two for ‘thep“urposeo“f~,..de.t,e~’qin,i.n~t-ne
interferenceeffects;%eca”usethe ~1’ate::”wa.si,ti,“thesame
positio.i~:with-“reSp.&cttb the tupnel that’it occupiedwile-a
in combination’with.*he’”airfoil. ~lie,dragas.deterrninod,.
by this test was therefore”use”dfor the f“iqalrpsult’s..,,~
The drag valu”e.is”bel.ievedto he’corredtwithia*2 per cent..,.,.

The two tests of the airfoilalone differ.~dby 5
per centfor the minimufidrag arid”2.percent for the max-
imum lift. The re’sultsofthe t:st’”ofthe ai”rfoilsup-
poytedby the specialsting “arebeli”evedto be the more
accuratebecatise‘ofthe symmetryof t-he“modelaud the
lower tare forces. Also, the tares for this condition
were accuratelydeterminedby using,,g,.sp.~ci~l..,~,wmyair-
foil ofthe sane shiipqaiids~ze’as$3”e..mod.e},--.The.re.snlt”s
of this test have t-heref”orebeen u“~~tfor.the,.final.re-”‘..
Suits. The values of the minimum drag a“n’dthe maximum
lift for this test are each believed to be correctwithin

.,- ,/.
The air.foil-.plat.ecombination’sv{e”rete~’t{dwitht-he,.

same degree of accuracyas the“airfdil. T~e’“fillets
were carefullycut to form wtth thin metal templetsand
the surfaceswere finishedby hand. The minimum-drag
and maximum-liftvalues for these tests are each believed

+2to be correctwithin - per cent.

Results and Discussion

The results of this investigationare presented in
tabularand graphic form. In Tables I to V, inclusive
are presented the values of the lift coefficient CL,
angle of attack correctedto infiniteaspect ratio Uo,
profile-dragcoefficient CDO, and moment coefficient
about the quarterchord ~nc/4”,The correctedangle of
attack and the profile-dragcoefficienthavo been de-
rived hy the method of reference4. Table V“Icompares
the values of the minimum drag coefficientsand maximum
lift coefficientsfor the several conditions. T“&istable
also gives the percentageincreasein ninitim drag and
the percentagedecrease in maximum lift of the airfoil-
plate combinatioilsfrom the added values of the drag
and lift of the airfoil tested alone and the interference
plate tested alone.

‘. b
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!Riei~teiferenceeffectsresultingfrom the plate in
combinationwith the airfoilare indicated in Figure 3. ,-
Acurve- representingthe drag.of the plate.plusthe pro-
fil”odrag of the airfoil is compare&in this figure-with
a curver”epr”esentingthe profile drag of.the..airfoiland
plate in combination. These curves show that the inter- .
ference effects increasethe drag and decreasethe lift.

.. The effectsof fillets,are shown gra~hicallyby
comparativeprofile-dragcurves in Figure 4, which in-
dicate that filletsdecreaseboth”the drag and lift slight-
ly. An increasein the”siz.eof the fillet i~creasesthe ~
effect.

.,
The resultsof thesetests indicate”tha.tthe inter-

ferenceeffectsresulting from ‘acombination.ofan air-
foil and a verticalplatiesurfaceat the mid-spanarq small.

,,

LangleyMemorialAeronauticalLaboratory,
NationalAdvisory Committeefor Aeronauti.c~,

LangZeyField, Va., November.12, .1931.
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TABLE I

Airfoil: N.A,C.A. 0021
Airfoil Alone (SpecialSting)

Average ReynoldsNumber: 3,600,000.

Size of model: 5.’75by 36 inches.

Pressure,StandardAtmospheres:20.5.

Test No,: 622 Variable-DensityTunnel. June
-- .—

CL

— ———

CI.004

.153

.312

.615

.912

1.188

1.29i’

1.333

1.316
--———

(de~9ees) CDO

0.0

1.6

3.1

6.2

9.4

12.6

14.2

15.1

i6.2

0.0119

.0122

.0126

,0145

.0182

.0253

.0334

,042’7

.0688
——— -—-— .

11

13, 1931.

cm
c/4

-—

0.001
.

.003

.006

.010

.010

.010

.008

.003

-.00’7 ‘
--.-——-

.

.
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TABLE 11

Airfoil: ‘N.A.C.A,0021
Airfoil with Plate - Without ?fillets

Average ReynoldsNumber: 3,540,000.

Size of Model: 5.75 by 36 inches.

Pressure”,StandardAtmospheres: 20.9.

Test iio.:615 Variable-DensityTunnel. May 21, 1931.

12

--
..

CL

.

-0.002

.072

.148

.297

.594

.883

1.153

1.262

1.288

1.275

1.Mil
-.b7-——

~o
(degrees)

0.0

0.8

1.6

3.1

6.3

9.4

12.7

14.3

15.3

16.3

18.4

CD
0

0.0208

.0209

.0210

.0214

.0234

.0272

.0347

.043’7

.0571

.0853

.&42&

———

cm
c/4

0.000

.001 ‘

.003

,004

.008

.010

.010

.006

.001

-.009

-.031
.—
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TA3LE 111

Airfoil: N,A,C.A. 0021
Airfoil with Plate - SiuallFillets

Average ReynoldsNumber: 3,53CJ,000.

Size of Model: 5.75 by 36 inches.

Pressv.re,5tandardAtmospheres: 21.0.

Test No.: 618 Variable-Densit:

c1.000

.148

.295

.591

.883

1.147

1.254

1.2?3

1.253

1.208.—.—

0.0

1.6

3.1

6.3

9.4

12.7

14.4

15.3

16.4

18.5

13

Tunne1. June 4, 1931..-——— ——

CDO

0.0207

.0209

,0213

.0233

.0267

.0356

.0469

.0679

.0956

●1554

C*
c/4

--—

0.000

.003

.005

.008

.010

.010

.004

-.004

-.015

-.034
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TABLE IV

Airfoil: N.A.C.A,0021
Airfoil with Plate - Medium Fillets

Average ReynoldsNumber: 3,580,000.

Size of Model: 5.75 by 36 inches.

Pressure,StandardAtmospheres: 20.8.

Test No.: 616
-— —

CL

—,

-0.002

.0’74

.150

.2s9

.597

.887

1.155

1.265

1.272

1.2’70

1.230
——.—

Variable-DensityTunnel. May 22, 1931.

‘O
(degrees)
.——.

0.0

0.8

1.6

3.1

6.3

9.4

12.6

14.3

15.3

16.3

18.4—--- .

CDO

0.0205

.0207

.0210

.0217

.0234

.0275

.0368

.0474

.0674

.1005

,1588

14

-0.001

.001

.002

.004

.007

.008

.005

.002

-.005

-.016

-.037
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TABLE V

Airfoil:N.A.C,A.0021
Airfoil with Plate - Large Fillets

Average ReynoldsNumber: 3,550,000.

Size of Model: 5.75 by 36 inches.

Pressure,StandardAtmospheres: 20.7.

Test No.: 519-- —-——

CL

-0.002

.072

.X48

.298

.598

.888

1.156

1.240

1.236

1.203

1.199

Variable-DensityTunnel. June 5, 1931.

(de~~ees)
——.—

0.0

0.8

1.6

3.1

6.3

9.4

12.6

14.4

15.4

16.5

18.5.—

CDO

0.0201

.0203

.0205

.0209

.0231

.0270

.0372

.0610

.0905

.1253

.1747—

15

-— —

cm
c/4

0.000

.001

.003

.004

.008

.010

.006

-.004

-.015

-.025

-.039



N.A.C.A. TechnicalNote No. 403

TA3L?IVI

C“omparativoValues of Minimum Drag and Maximum Lift

Concept c~omin

Airfoil alone 0.0119

Plate alone .0080

Airfoil alone plus I .0199
Flate alone

Airfoil with plate, .0208
● “ without fillets

Airfoil with plate, .02078 saall fillets

Airfoil with plate, .0205
● i3ediUmfillets

Airfoil with plate, .o~(-Jl
large fillets

).0009

.0008

.0006

.0002

$
inc.

--—

4.5

4.0

3.0

100

——.

cLmax

1.333

——

1.333

1.288

1.2’?3

1.272

1.240

ACL

—-----

0.045

.060

.061

.093

16

$
dec.

.—

3.4

4.5

4.6

7.0



H.A.C.A.TechnicalNoteNo.403 Figs.l,z

—“”. > . . . . . h .—— — -.,. . . . . - ..- ..- —

Fig.1 Airfoilwithspeoialstingshowingmethodof scouring
.eaamnanentDarts.

—w

filletstiountedintunnel. I

,,
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